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Dear Sir: 

I, GEORGE IAN ALLAN STEGEMAN, pursuant to 37 C.F.R. §1.132, 

declare: 

1 . I received a BASc degree in Engineering Science in 1965, an MSc 
degree in Physics in 1966, and a Ph.D. degree in Physics in 1969, all from the University of 
Toronto. 

2. I am a Professor at the University of Central Florida at the School of 
Optics/CREOL®. 

3. As demonstrated by my attached resume (attached hereto at Exhibit 1), 
I have an extensive list of publications, awards, and professional functions in the areas of 
optics and physics. In view of my knowledge in these areas, I have been retained by 
applicants as an expert for a fee of $200 per hour. 

4. I have reviewed U.S. Patent Application Serial No. 09/265,625 ("'625 
application") and believe that it fully discloses the use of simultaneous two photon excitation. 
The rationale for my conclusion is set forth below. 

5. The simultaneous two-photon excitation (commonly known as Two 
Photon Absorption, or 2PA) phenomena and the step-wise two-photon excitation (commonly 
known as ESA, Excite State Absorption, or as RSA, Reversible Saturated Absorption) 
phenomena are shown in the following figures: 
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As shown in these figures, the use of simultaneous two-photon absorption involves the 
simultaneous absorption of two photons (photon energy hc/X) of a given wavelength X which 
leads to the excitation of a two-photon active absorption state at the wavelength X/2, i.e. 
energy 2hc/X above the ground state. Thus, the wavelength of the exciting radiation is 
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specified for a given material and, for optimum results, the material should be as transparent 
as possible at the exciting wavelength. On the~otheFhand, as shown in the above figures, in 
stepwise or sequential two-photon absorption, two sequential absorption events occur, 
sequentially in time, each involving one photon (photon energy hc/A,). The absorption of the 
first photon requires signific ant sin gle photon absorption activity into an intermediate state. 
This state is evidenced bya lack of tr^si>arency_atj^ A second, single photon 

absorption from that first intermediate state into the final state occurs near or at the peak of 
the second one photon absorption (final) state. The desirability of good trans parency at the 
exciting wavelength^^ge_(Le^00^1 300 nm) for photodynamic therapy is discussed on 
page 8, line 10 to page 9, line 5 of the present application. Since, as noted above, 
transparency isjmportant for simultaneous two-photon absorption, and absorption is 
important for step-wise two-photon absorption, one would recognize that the present 
application intends to use simultaneous two-photon absorption in carrying out photodynamic 
therapy. 

6. The sentence bridging pages 1 and 2 of the '625 application states: 

To date, two major technical approaches have been used to achieve 
frequency upconversion lasing: one is based on direct two-photon 
(or multi-photon) excitation of a gain medium (two-photon 
pumped); the other is based on sequential stepwise multi-photon 
excitation (stepwise multi-photon pumped). 



With the latter of these 2 technical approaches clearly referring to sequential multi-photon 
excitation as discussed above, it is apparent to me that the former alternative is describing 
simultaneous multi-photon excitation. 

7. In describing the two-photon absorption or excitation phenomena 
utilized by applicants, the 4 625 application sets forth, at page 51, line 6, the following 
formula: 

I(L)=Io/(l + IJLB) 

The '625 application proceeds to describe this equation as follows on page 51, lines 7-10: 

I(L) is the transmitted incident intensity; L is the thickness of the 
matrix material; I 0 is the incident infrared intensity; and 13 is the 
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TPA coefficient of the sample medium and is a linear function of 
the concentration of the styryl compound in the matrix. 



See also page 97, line 30 to page 98, line 11 of the '625 application. This formula is well 
known by scientists in this area to refer to simultaneous two-photon excitation with p being 
defined in the field of nonlinear optics as the simultaneous two-photon absorption coefficient. 
For step-wise two-photon absorption, the relationship is not given in term of the intensity or 
irradiance, but in terms of an integral over the pulse energy, i.e. the energy or fluence F. On 
page 98, line 3, |3 is defined directly in terms of the molecular two-photon absorption 
coefficient 02 as follows: 

P=a 2 N 0 = a 2 NodoX 10" 3 



N 0 is the molecular density of the dopant, 02 is the molecular TPA coefficient of 
the same dopant, and do is the concentration of dopant. This is the formula for 
simu ltane ous two-photon abson ^pn Jautjot for the step- wise process wh ich 
contains the produ ct of the two single photon cross-section coefficients a g i and 
Cif, as indicated in the above figures —one for the transition from the molecular 
ground state to the first excited state (i.e. the intermediate state) and one for the 
transition from the first excited state to the second excited state (i.e. the final 
state). Furthermore, the formula for step-wise two-photon excitation would also 
require values for the pulse duration of the laser and the relaxation time of the 
first (intermediate) excited state. Thus, the above formulae in the present 
application would indicate to one of ordinary skill in the art that a simultaneous 
two-photon excitation process is being used. This is supported by discussions of 
simultaneous two photon absorption in Eric W. Van Stryland and Lloyd L. 
Chase, Section 8.2.1, pages 299-328, titled Two Photon Absorption: Inorganic 
Materials, of the CRC Handbook of Laser Science and Technology. Supplement 
2: Optical Materials, Marvin J. Weber Editor; Anthony F. Garito and Mark G. 
Kuzyk, Section 8.2.2, pages 329-333, titled Two Photon Absoiption: Organic 
Materials, of the CRC Handbook of Laser Science and Technology, Supplement 
2: Optical Materials . Marvin J. Weber Editor. This is also supported by 
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discussions of step-wise two photon absorption, more commonly known as ESA 
(Excited State Absorption), and the differences between it and direct two photon 
absorption (usually just referred to as "Two Photon Absorption") in E.W. Van 
Stryland, DJ. Hagan and A.A. Said in "Application of Nonlinear Optics to 
Passive Optical Limiting", chapter 14 in Nonlinear Optics of Organic Molecules 
and Polymers , edited by H.S. Nalwa and S. Miyata, pp 841 -860 (CRC Press) 

8. Further, my analysis of the experimental data set forth in the '625 y 
application demonstrates that the applicants were utilizing simultaneous two-photon 
excitation. Figure 7 of the '625 application shows the absorbance spectrogram of a "dyel" 
doped film used in accordance with the '625 application, where this dye has no absorbance 
when subjected to incident photons with a wavelength greater than 600 nm, most specifically 
the wavelength of the Nd:YAG laser at 1060 nm. This dye and its method of preparation is 
described on page 95 of the '625 application in Example 6. Figure 9, as described in 
Example 1 1 (pages 97-98 of the '625 application), shows that when dyel (i.e. trans-4[p-(N- 
ethyl-N-hydroxyethyl amino)styry 1 ]-N-methylpyridinium tetraphenyborate) is subjected to a 
Nd:YAG laser of wavelength of 1060 nm (i.e. 1.06 |im), an intensity-dependent absorption, 
quadratic in the input intensity, is obtained due to two photon absorption. Since Figure 7 
shows that dyel has no absorbance at 1060 nm, I conclude that the nonlinear transmission 
shown in Figure 9 results from simultaneous two-photon absorption. The absorbance 
required by the observed transmission shown in Figure 9 cannot be due to single photon 
excitation or sequential two-photon excitation, because dyel is not capable of being excited 
to any level (either a full absorbance level or an intermediate one) at an incident wavelength 
of over 700 nm. 

9. My further analysis of the experimental data set forth in the '625 ^ 
application demonstrates that the applicants were utilizing simultaneous two-photon 
excitation. Figure 10 of the '625 application shows the absorbance spectrogram of a "dye 1" 
doped film used in accordance with the '625 application, where this dye has no absorbance 
when subjected to incident photons with a wavelength greater than 600 nm, most specifically 
the wavelength of the Nd:YAG laser at 1060nm. This dye and methods for its preparation 
are described on page 95 of the '625 application in Example 6, and on pages 98-99 in 
Examples 12-14 of the '625 application. Figure 1 IB, as described in Example 15 (pages 99- 
102 of the '625 application), shows that when dyel (i.e. trans-4[p-(N-ethyl-N-hydroxyethyl 
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amino)styryl]-N-methylpyridinium tetraphenyborate) is subjected to a Nd:YAG laser of 
wavelength of 1060 nm (i.e. 1 .06 um), a photon is emitted at 600 nm due to two photon 
induced fluorescence. Since Figure 10 shows that dyel has no absorbance at 1060 nm, I 
conclude that the emission shown in Figure 1 IB results from simultaneous two-photon 
excitation. The absorbance required by the fluorescence shown in Figure 1 IB cannot be due 
to single photon excitation or sequential two-photon excitation, because dyel is not capable 
of being excited to any level (either a full absorbance level or an intermediate one) at an 
incident wavelength of over 700 nm. 

1 0. Based on all the foregoing, I conclude that the '625 application clearly 
discloses, to one of ordinary skill in the art, the use of simultaneous two-photon excitation. 

11. I hereby declare that all statements made herein of my own knowledge 
are true and that all statements made on information and belief are believed to be true; and 
further that these statements were made with the knowledge that willful false statements and 
the like so made are punishable by fine or imprisonment, or both, under section 1001 of 
Title 18 of the United States Code, and that such willful false statements may jeopardize the 
validity of the application or any patent issuing thereon. 



Dat e: December 1 8. 2000 ^ri^ u ' fi-< ^ \ 

George I^n Allan Stegeman \^ 
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